Aims To assess the prognosis and prevalence of optimal risk factors in the population.
Introduction
Coronary heart disease is largely preventable. The huge variations in this disease between populations as well as over time bear ample witness to this. As population characteristics change, so do coronary heart incidence and mortality. The geographical variation is well known [12] . A recent development is the increasing incidence in the developing countries [3] . Ischaemic heart disease is estimated to be the leading cause of lost life-years until at least 2020 [4] . In the established market economies the last decades have seen important decreases in the incidence of myocardial infarction and coronary mortality. Swedish figures for coronary heart disease are in the middle range of the European countries [2] , and the average annual decrease in coronary heart disease incidence between 1987 and 1996 in men and women aged 30 to 89 has been 2·2% and 1·8%, respectively [5] . Similar changes have been noted in men and women in Gö teborg since the beginning of the 1980s [6] . Changes in the cardiovascular risk factor pattern seem to account for this [7] [8] [9] [10] . The decrease in incidence in men below 65 years of age corresponds well to the decreasing levels of the three main risk factors [10] . However, rates of coronary disease in Sweden are still disturbingly high.
Comprehensive action for the prevention of coronary heart disease has to include a population strategy in addition to individual secondary prevention and primary prevention in high risk men and women. Risk factor goals for prevention in subjects with known coronary disease and in healthy high risk subjects are based on solid scientific evidence derived from a multitude of experimental and observational studies, which have been summarized in the second joint task force of European and other societies on coronary prevention [11] . In this document, the ideal goals for prevention of coronary diseases and other atherosclerotic diseases have been defined as a diet compatible with ideal weight, and a plasma total cholesterol level of less than 5 mmol . l 1 , regular exercise, the avoidance of all forms of tobacco, and a blood pressure of less than 140/90 mmHg. Levels of risk factors in various populations are known from a large number of studies [8, 9, [12] [13] [14] [15] [16] [17] [18] [19] , usually in terms of mean levels and prevalence of pre-defined high levels. However, the prevalence of optimal risk factors is rarely described. In Gö teborg, prospective and cross-sectional studies of representative population samples have been carried out since 1963. In the present investigation, we used data from several of these samples to identify low risk subjects, and to describe prognosis, prevalence, and secular trends with respect to optimal risk factor status.
Methods
For the prospective part of the study, data were taken from the multifactor primary prevention study which started in Gö teborg in 1970 and included all men in the city who had been born between 1915 and 1925, except those born in 1923 [20] . The intervention group of 10 000 men comprised a random third of the men in the trial, with two control groups of 10 000 men each. At follow-up, after 11·8 years, there were no significant differences in risk factor levels or in outcome with respect to cardiovascular, cancer or all-cause mortality between the intervention or any of the control groups [20] , and we consider the study group to be reasonably representative of the background population in the city. The present study deals only with the participant men in the intervention group with complete data and no prior infarction or diabetes (n=7130 out of a total of 7495 participant men), aged 47 to 55 (mean 51) years at baseline. A first screening examination took place between January 1970 and March 1973. Data on smoking habits, diabetes, and history of myocardial infarction were collected by a postal questionnaire which was sent to all subjects along with an invitation to the study. Screening examinations were performed in the afternoon. Weight and height were measured. Blood pressure was measured to the nearest 2 mmHg after 5 min rest with the subject seated. Because blood pressure was generally high in the afternoon a systolic reading of 140 or of diastolic of 90 was included in the normotensive group. Serum cholesterol concentration (from a sample taken after fasting for at least 2 h) was determined according to standard laboratory procedures.
All subjects in the multifactor primary prevention study were followed until 31 December 1993 (mean 19·7 years). The Swedish national register on deaths due to specific causes from the years 1970 to 1993 was matched against a computer file of the men in the study. In 1987, there was a change from the 8th to the 9th revision of the International Classification of Diseases, but for the broad groupings used in the present study this will have made no difference. Coronary death was defined as ICD codes 410-414. During the first 11·8 years of the follow-up there were 329 first non-fatal myocardial infarctions registered by the Gö teborg Myocardial Register in the study population [20] . As this register only records events in persons younger than 65 years of age there were no data concerning non-fatal events during the latter part of the follow-up.
The MONICA study population and survey methods have been described [8] . Random population samples of men and women aged 25 to 64 years were sent a postal questionnaire, and on returning the questionnaire they were invited to a screening examination in 1995. Participation rates were 64% and 63% for men and women, respectively. All examinations were done in the morning. Blood pressure was measured in the sitting position, after 5 min rest, with a random zero mercury sphygmanometer. Weight and height as well as waist circumference were measured with the subject in light indoor clothing, without shoes. All blood samples were taken after an overnight fast. Serum cholesterol and triglycerides were determined according to WHO MONICA criteria. LDL cholesterol was calculated according to Friedewald's formula. Systolic and diastolic (Korotkoff phase V) pressure was always measured before venipuncture according to the WHO MONICA standard after at least 5 min rest with the subject in the sitting position. Before the examination, all participants had completed a postal questionnaire dealing with smoking habits.
For the study of secular trends, data from the study of men born in 1913, 1923, 1933 and 1943 were used. Starting in 1963 and with ten year intervals, four population samples of men aged 50 and living in the city of Gö teborg, Sweden, have been examined with respect to cardiovascular risk factors [9] . In 1963 all men born in 1913 on dates divisible by three were invited. Of the 973 invited men, 855 took part in the study (88%). For the 1973 study all men born in 1923 on the 3rd, 15th and 27th day of each month were invited, providing a sample of 292, of which 226 (77%) participated. For the 1983 and 1993 studies, a random sample of half of all men in the city born in 1933 and 1943 were invited; 776 (76%) and 798 (55%), respectively, took part [9] . All examinations were done in the morning after an overnight fast. Blood pressure measurements were done in the sitting position by a physician (except in 1983 when measurements were done by a nurse) using a standard cuff and a mercury manometer. Only Korotkoff phase 4 was available in 1963. In 1993 both phase 4 and phase 5 were registered. The mean difference (2 mm) was deducted from the 1963 diastolic readings when creating categorical blood pressure variables. Data on smoking habits were collected by a postal questionnaire. Fasting serum cholesterol and triglyceride measurements were determined according to standard laboratory procedures.
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Statistical methods
We used the SAS statistical package (version 6.12). In the prospective study, proportional hazards analyses were used to adjust for age. Four categories of risk were created: (1) optimal: total cholesterol <5 mmol . l 1 , and blood pressure <140/90 without treatment, and non-smoker; (2) Low risk: non-smoker and (total cholesterol 5-6·5 mmol . l 1 and/or blood pressure 141-160/ 91-95 without treatment); (3) Moderate risk: smoker or (total cholesterol X6·5 mmol . l 1 and/or blood pressure >160/95 or treatment) (4) High risk: total cholesterol >6·5 mmol . l 1 and blood pressure >160/95 or treatment, and smoker. Three dummy variables were created, with moderate risk as a reference, as three quarters of the population in the primary prevention study were in that category. In the MONICA study simple correlation tests were used to assess relationships between age and continuous or graded variables. For the analysis of secular trends, the respective cohorts were assigned numbers from one to four and correlation tests were used to assess relationships between the cohort number and continuous variables. Mantel-Haenszel tests were used to assess the statistical significance of differences between the cohorts with respect to graded variables.
Results
In a first step we analysed the impact on coronary and total mortality of total serum cholesterol, blood pressure and smoking in 7130 men aged 47 to 55 (mean 51) years and followed for 20 years (Table 1 ). All relationships were in the expected direction and magnitude. A small group of 117 men (2% of the population) were characterized by low levels of both blood pressure and serum cholesterol and were also non-smokers. In this group one coronary death occurred over 2414 observation years, corresponding to 0·4 deaths per 1000 years. The overall risk of coronary death over the 20-year follow-up was 4·8 deaths per 1000 observation years. In comparison with the majority of the population, who were either smokers and/or had total cholesterol of 6·5 mmol . l 1 or above, and/or blood pressure >160/95 but not all three, the age-adjusted relative risk was 0·09, albeit with wide confidence intervals (0·01-0·64). The group of men with optimal risk factors also had low all-cause mortality. 
All relationships between events/deaths and risk factors P<0·001. We also calculated the ten-year risk of a coronary heart disease event over the first 12 years of the study, where we had data on non-fatal events ( Table 2 ). The ten-year risk of a coronary heart disease event in the low-risk group was 0·8%. In the group with the most adverse risk factor profile (smoker, blood pressure above 160/95 or treatment, serum cholesterol above 6·5 mmol . l 1 ) the ten-year risk was 17·9%, and in the total study group the ten-year risk was 6·1%.
Data from the 1995 MONICA survey show comparatively favourable risk factor levels in the youngest group, men and women aged 25 to 34 (Table 3) , but as expected, overall risk factor profiles deteriorated with age in both men and women. At ages 35 to 44, less than half had serum cholesterol below 5 mmol . l 1 . In the highest age group 18% of the men and 16% of the women had serum cholesterol below 5 mmol . l 1 , and 39% and 46%, respectively, were normotensive. The majority at all ages were non-smokers.
If very strict criteria were used to define optimal risk factors (total cholesterol <5 mmol . l 1 , LDL <3 mmol . l 1 , HDL >1 mmol . l 1 , triglyceride <2 mmol . l 1 , waist <94 cm (women <80 cm), blood pressure <140/90 mmHg without treatment, nonsmoker, normal weight (body mass index <25) few, even among the youngest age group, were optimal, 27% among the men and 35% among the women (Table 4) . Among men and women aged 55 to 64 this combination was almost non-existent. Applying less rigid criteria, based on total cholesterol, blood pressure, smoking and body mass index only (total cholesterol <5 mmol . l 1 , blood pressure <140/90 without treatment, non-smoker, normal weight (body mass index <25)) did not, however, yield very different results. With these less rigid criteria, 34% and 37%, respectively, of the youngest men and women were optimal, and 3% and 4% of men and women aged 55 to 64.
In a further step, we defined a set of optimal risk factors, based on serum cholesterol, systolic blood pressure and smoking only, without the weight criterion, in accordance with the risk charts [11] . Of the men and women aged 25-34, 46% and 47%, respectively, had total cholesterol <5 mmol . l 1 , blood pressure <140/90 without treatment, and were non-smokers. Corresponding figures for men and women aged 55 to 64 were 7% and 6%.
In a final analysis (Table 5) we investigated the distribution of optimal risk factors over a period of 30 years in four cohorts of men who were 50 years when they were examined in 1963, 1973, 1983 and 1993 . The proportion of men with serum cholesterol below 5 mmol . l 1 increased from 9%-22%, and the proportion of men who were normotensive (below 140/90 without treatment) increased from 45%-61%. In 1963 less than half of the men, or 44%, were non-smokers, whereas in 1993, 69% did not smoke. Very few men, or 2%, in 1963 had optimal levels of all three risk factors. In 1993, the proportion had increased, but was still only 11%. Rates of overweight and obesity increased over the period [9] . If normal body weight was added to the criteria only 6%, or 45 men overall, were optimal.
Discussion
In the prospective part of the study, we found essentially what we expected. An optimal risk factor profile carries a very low risk of coronary death and myocardial infarction. If this pattern were to prevail, this would mean pronounced changes in the panorama of disease. We also found, however, that even though the risk factor profile today is generally better than 30 years ago, optimal levels are still rare, particularly in the middleaged and older population. Also, obesity is increasing [9] , with associated metabolic disturbances and diabetes. All relationships between age and risk factors P<0·001, except smoking in women (P=0·22) and HDL cholesterol (P=0·02 in men and 0·03 in women).
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Risk prediction in the Primary Prevention study
Compared to the risk charts used in the European recommendations [11] the absolute risk in the men of the primary prevention study appeared to be lower. The risk charts were developed using Framingham data that may not be wholly applicable to Swedish populations. However, a 12-year follow-up study of middle-aged men and women from eastern Finland examined in the 1970s demonstrated risks that were not dramatically different from those found in the primary prevention study [21] . A recent study compared the Framingham risk model for coronary heart disease mortality rates with two national samples from the U.S. population and found a fairly accurate rank ordering while the prediction of absolute risk was less precise [22] . From a clinical point of view, prediction of absolute risk is essential, as treatment decisions will be based on the individual clinician's conception of risk in an individual patient [23] .
Limitations of the present study are that there were only single measurements of the relevant risk factors, and that risk factor status may have changed during (2) 3 (6) 1 All risk factors optimal: total cholesterol <5 mmol . l 1 , LDL <3 mmol . l 1 , HDL>1, triglyceride <2 mmol . l 1 , waist 94 cm (80 cm in women), pressure <140/90 without treatment, non-smoker, normal weight (body mass index <25), no diabetes. 
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follow-up, which could have attenuated associations. In particular, there were changes in smoking status [20] , but the approximately twofold increase in risk is similar to the relative risk of 1·7 found in the most recent coronary prediction model from Framingham [24] . Risk factor levels in the primary prevention study were generally high. Blood pressure levels were high, probably due to the fact that the screening sessions were conducted during the afternoon. As a consequence, the group with optimal risk factor levels identified was very small, 2% of the entire group. Nevertheless, in the cohorts born in 1913 and 1923, where the men were examined in the morning, the proportion of men with optimal risk factors was very similar, at about 2% to 3%. Measurements of several other relevant factors were not available in this study, which was designed in the late 1960s, such as serum triglycerides, HDL cholesterol, waist to hip ratio, plasma fibrinogen, insulin or blood glucose.
Risk factors in the population
In general, risk factor levels in the general population in Sweden are fairly high, from a global perspective. Among the MONICA populations, Gö teborg ranked among the middle with respect to serum cholesterol, and smoking in men, but among the highest with respect to smoking in women [12] . Means of body mass index for both men and women were among the lowest among the MONICA populations. With respect to blood pressure, Gö teborg ranked comparatively low, chiefly due to low pressure, among the youngest study participants [25] . With the exception of the MONICA study, comparability with other studies is difficult, not only because methodology varies from study to study, but also because of different ages, and presentation of age adjusted means or proportions. Both serum cholesterol and blood pressure increased substantially with age. In the MONICA study, Gö teborg had among the highest increases with age in men [25] . But increasing blood pressure with age may not be a natural phenomenon. In a study of a Tanzanian, a Brazilian and an Italian population, blood pressure was correlated with age only in the latter two [16] . In the African population, who consumed a low salt 'fish and vegetable' diet, blood pressure did not increase with age.
We have been able to identify few studies that describe the prevalence of optimal risk factors in the population, but this, however, is an area that is difficult to review fully because of the wealth of information available. One analysis, very similar in design to our study was done in the population of the Chicago Heart Association Detection Project in Industry [26] . Using cut-off levels which were only slightly different from those used in our study, 5% of the men and 7% of the women were found to have no risk factors, and a very low risk of coronary death over 22 years of follow-up, 1·3 and 0·7 per 1000, respectively, in men and women. Another crosssectional analysis of optimal risk factor status was carried out in a southern Korean population in 1990 to 1992 [17] . Korea is a low risk country with respect to coronary disease but age-adjusted ischaemic heart disease mortality has increased dramatically since 1981 according to national statistics. About 60% of the men and women in the sample had serum cholesterol below 200 mg . dl 1 (5·2 mmol . l 1 ). The prevalence of hypercholesterolaemia, defined as 240 mg . dl 1 (6·2 mmol . l 1 ) or more, increased sharply with age in women but not in men. With a cut-off of 240 mg . dl 1 for serum cholesterol but otherwise the same criteria for normotension and smoking, more than four out of five Korean women aged 35-44, and 41% of those aged 55-59, had optimal risk factor status with respect to blood pressure, serum cholesterol and smoking. The estimate in Korean men was much lower, due to their very high rates of smoking.
Disturbingly, but concomitant with the high rates of coronary heart disease in Sweden, the oldest cohort in Gö teborg, those 55-64 years old, comprised very few subjects with optimal risk factor status, even if only serum cholesterol, blood pressure and smoking habit were used to define optimal risk factors. If ideal levels of body mass index were included to define optimal risk factor status, this group dwindled to almost nothing, or 3%-4%. In the youngest group aged 25 to 44, only about one third had optimal risk factor status. In the next age stratum, men and women aged 35-44, only 11% of the men and 22% of the women had ideal risk factor status.
Secular trends
With respect to serum cholesterol, smoking and hypertension decreasing trends were seen for all three during the period 1963-1993 in men [9] . Several studies have reported declines in population levels of serum cholesterol [27] [28] [29] [30] [31] [32] , usually against a background of decreasing incidence of coronary disease. In eastern Finland the rate of death from coronary disease has decreased to less than half of its previous level [33] and about half of the observed decrease in mortality rate could be explained by a decrease in cholesterol level in the population. As the atherosclerotic process starts at a fairly young age, the contribution of a decrease in serum cholesterol levels to the decline in coronary mortality rate may be even greater than that estimated from measurements of cholesterol in middle age [30] . The most likely explanation for the decrease in serum cholesterol levels in Sweden, as well as in other countries, is dietary changes, such as the introduction of low-fat dairy products and oil-based soft margarine. Decreasing levels of hypertension have also been reported from a large number of MONICA populations [32, 34] . In Gö teborg, coronary heart disease incidence in middle-aged men has decreased 30%-40% since 1975 [6] , concomitant with similar decreases in risk factor status [10] , and similar decreases have been reported with respect to mortality on a national level [35] . However, official statistics show that the decrease in incidence of myocardial infarction in women and in men above 65 years of age has been less pronounced than in men below 65 [5] . At the same time, also according to national statistics, admissions for angina, without a diagnosis of myocardial infarction have increased. Possibly, the improvement seen in risk factor status has led to a later onset of the disease or to a milder form, or both. With better survival and increased life expectancy, the prevalence of the disease is likely to increase, demanding more resources in the near future.
From a clinical point of view, the concept of risk factors is useful and distinguishes between people at high and at low risk so that the most intensive intervention may be used in those in greatest need of reduction in risk. Patients with established coronary disease and healthy individuals at high risk of developing coronary heart disease should be targeted for intervention by the medical profession. However, as the majority of events occur in persons at moderate risk this will influence rates of coronary disease in the population only to a comparatively small extent. In order to achieve important reductions in coronary heart disease incidence and mortality, intervention aimed at shifts in the distribution of blood lipids and blood pressure as well as to a reversal in the trend in increasing obesity in the population and less smoking must be a health policy priority.
